The chronic human health effects of the 17 US Environmental Protection Agency [USEPA] priority pollutants of polycyclic aromatic hydrocarbons [PAHs] were investigated and characterized in petroleum contaminated wastewater discharged indiscriminately into the surface water of Okpoka creek off the upper Bonny River estuary in the Niger-Delta. Collections and sampling were conducted under the standard specifications, ethics and protocols of U.S Environmental Protection Agency (EPA). The liquid-liquid extraction of Petroleum contaminated wastewater samples were conducted in accordance with standard procedure of US EPA. Identification and quantification of 17 PAHs were performed by Gas chromatograph with Mass spectrometric detection (GC/MSD) in accordance with standard analytical method of US EPA. The result showed presence of Naphthalene [2.6000 mg/l], Acenaphthylene [8.0000 mg/l], Acenaphthene [0.0000 mg/l], Fluorene [9.0008 mg/l], Anthracene [0.0000 mg/l], Phenanthrene [0.0000 mg/l], O-Terphenyl [5.0200 mg/l], Fluoranthene [1.1000 mg/l], Pyrene [8.0000 mg/l], Benz[a]anthracene [1.0900 mg/l], Chrysene [0.0000 mg/l], Benzo[b]fluoranthene [10.0000 mg/l], Benzo[k]fluoranthene [0.0000 mg/l], Benzo[e]pyrene [0.0000 mg/l], Dibenzo [a,h] anthracene [4.0100 mg/l], Indeno[1,2.3-cd]pyrene [9.2000 mg/l] and Benzo[g,h,i]perylene [3.0000 mg/l]. The results also indicated that some of the 17 PAHs constituents were above the PAHs World Health Organization [2003] maximum permissible limits (MPL) in drinking water (0.0020 mg/l) with 64% and 35.29% below the MPL. The Original Research Article Fawole et al.; AJACR, 4(3): 1-9, 2019; Article no.AJACR.50558 2 low molecular weights of PAHs [LPAHs] were 40.60% and high molecular weights of PAHs [HPAHs] were 59.40%. Human teratogenic PAHs [9.09%], Human mutagenic PAHs [24.24%], Human carcinogenic PAHs [24.24%], Human genotoxic PAHs [18.18%] and other toxics [24.24%]. Thus, total PAHs concentrations gave 61.2800 mg/l of the petroleum contaminated wastewater sample.
INTRODUCTION
Niger-Delta of the oil-bearing areas has faced so many environmental problems caused by pollution arising from petrogenic activities such as drill cuttings, drilling mud, fluids used in production, chemicals injected to control corrosion or to separate oil from water, and general industrial waste. Added to this are problems of gas flaring, incidents of oil spills and blowouts [1] . However, petrogenic activities in the Niger Delta have also led to deforestation and significant environmental concerns on the atmosphere, soils, surface and groundwater, marine environment, biologically diversity and terrestrial ecosystems. Discharges of petroleum hydrocarbons and petroleum-derived waste streams have caused adverse human health effects, detrimental impact on the regional economy, socio-economic problems and degradation of host communities in the nine oilproducing states in the Niger Delta, Nigeria [2] . The oil spillages ongoing for more than fifty years have characterized the area by contaminated rivers, stream and forest, which constitutes the main income sources for the majority of the local population inhabiting the region, which is mainly dependent on ecosystem services. Besides, these oil spillages have attracted global attention and created awareness due to the associated ecological, human health and environmental risks. The main sources of the oil spill and pollution in the Niger Delta are equipment failure, oil blowouts from the flow stations, leakages from an aged and corroded network of the pipelines, operational mishap, sabotage and vandalization of the oil pipelines by the local militant groups [1] .
In the aquatic environment of the Niger-Delta, the oil slick sometimes floats on the water surface where it is dispersed to shorelines by wind and wave actions and invariably affecting the soil. When oil spillage occurs onshore or near shore, the soil and other components of the terrestrial ecosystem are inevitably affected [3] .
The Okpoka creek is one of the most important river systems in the Niger delta. It is exceptionally prone to chronic human impacts because of the numerous human activities that are carried out, such as operational mishap, sabotage and vandalization of the oil pipelines, bunkering and other anthropogenic activities (fishing, boat construction; welding, sand mining, dredging, mangrove cutting and engine boat transportation). Besides, there are a lot of indiscriminate municipal waste discharges such as human waste, waste from the abattoir, refuse dumps, sewage/septic waste and among others, into the creek [4] .
Studies had shown Niger Delta is among the ten most important wetland and marine ecosystems in the world. But oil exploration and municipal activities have rendered the Niger Delta region one of the five most severely petroleum hydrocarbons damaged ecosystems in the world [5] .
Polycyclic Aromatic Hydrocarbons [PAHs]
Polycyclic aromatic hydrocarbons (PAHs) are a ubiquitous group of different organic compounds with fused aromatic rings that are detected in a variety of environmental conditions [6] . Generally, PAHs are lipophilic compounds that show high affinity for organic matter [7] . However, individual PAHs differ substantially in their physicochemical properties from two to six benzene rings in the PAH-molecule. Thus, low molecular weight LPAHs composed of fewer than four rings which are more water-soluble and volatile than their high molecular weight relatives with four or more rings, while the HPAHs show higher hydrophobicity than the LPAHs [8, 9] .
PAHs have been thoroughly studied due to their toxicity, persistence and environmental prevalence. Such studies are often limited to 16 PAHs, designated as priority pollutants by the United States Environmental Protection Agency (US-EPA).
Human exposure to PAHs from petrogenic activities have been associated with an increased health risk of nagging headache, nausea, diarrhea, confusion, vomiting, diaphoresis, erythema, burns irritation and photosensitivity of the eyes; cough, bronchitis and bronchogenic cancer; leukoplakia, Buchalpharyngeal cancer and cancer of the lips; leukaemia and lymphoma, haematuria kidney and may constitute a serious danger to human life [10, 11] .
Aim of the Study
This research was conducted to investigate and assess the Polycyclic Aromatic Hydrocarbons [PAHs] concentrations in Petroleumcontaminated wastewater indiscriminately discharged into surface water and their chronic toxicological significance to environmental and human health.
MATERIALS AND METHODS

Ethics and Protocol
Collections and sampling were conducted under the standard specifications, ethics and protocols of U.S Environmental Protection Agency (EPA) for analysis of wastewater and drinking water for data collection and environmental monitoring, under the Clean Water Act and Safe Drinking Water Act (1999).
Study Site
Okpoka creek is one of the adjoining creeks off the upper Bonny River estuary in the Niger-Delta. Bonny River is a major shipping route for crude oil and other cargoes that leads to the Port Harcourt quays, Federal ocean terminals, Onne, Port Harcourt Refinery Company Terminal Jetty and Okirika. Port Harcourt is the chief oil-refining city in Nigeria. Okpoka creek is about six kilometres long and continues to Abuloma town of Rivers State where it finally joins the Bonny River before fading into the Atlantic Ocean. There are many communities along the main course namely; Oginigba, Azubiae, WOji, Okujagu, Okuru-ama, Abuloma, Ojimba, Georgeama, oba-ama, Kalio-ama, Marine base and Okirika. The petrogenic activities going on around the creek, oil slick floating on the surface water and some dead aquatic animals gave evidence of petroleum contamination. Collections of samples were obtained with the location coordinates of N04°46'38'' and E007°03'55''.
Petroleum-contaminated Wastewater Sampling
Petroleum-contaminated wastewater samples were collected from the study site using a glass cup and amber bottles with Teflon lined caps previously washed with acetone and dried in an oven at 105°C. Collections of samples were obtained at different depths (2, 5 and 10 cm) and points within the study site and pooled together to obtain one litre of the composite sample. The sample was filtered and preserved (acidified) on the site with 2 ml conc. H 2 SO 4 /1L to bring the pH to ≤ 2. The sample was stored and refrigerated at ≤ 4°C extracted within 14 days of collection.
Extraction of Samples for PAHs Determination
The liquid-liquid extraction of the petroleumcontaminated wastewater samples was conducted following standard procedures of US EPA 3510; 1664. The filtered water samples were subjected to the separatory funnel extraction procedure. 500 ml of the raw sample was extracted in a 1 litre (1L) glass separatory funnel fitted with a glass stopper after 62.5 ml of acetone: n-hexane (1:1, v/v) was added and shaken on a reciprocating mechanical shaker at 120 oscillation per minute for 4 hours. The mixture was poured into the separatory funnel and allowed to stand for a couple of minutes, thus allowing the organic layer to separate clearly from the aqueous phase. The aqueous phase and organic (extract) layer were collected into different bottles respectively by opening the separatory funnel tap while the extract was stored in an amber bottle with a Teflon-lined cap.
PAHs Analysis
The extracted samples from the petroleumcontaminated wastewater were characterised while 17 US EPA priority pollutant were considered and prioritised, using Gas chromatograph with Mass spectrometric detection (GC/MSD) Agilent Technologies 7890A following standard analytical method of US EPA 8270;625. 
RESULTS AND DISCUSSION
The results of the PAHs petroleum-contaminated wastewater analysis showed some elevated concentrations, high enough to cause severe impacts on the ecosystem and human health. The results are summarized in Table 1 . The general toxic health effects of PAHs were described to reduce immune functions in human, cause cataracts, kidney and liver damage, breathing problems, asthma-like symptoms, lung function abnormalities; skin redness, skin inflammation and breakdown of red blood cells [11] . The results indicated that some of the 17PAHs constituents were above the PAHs WHO (2003) maximum permissible limits (MPL) in drinking water (0.0020 mg/l) with 64% and 35.29% below. Benzo (e) pyrene has a different and a much lower WHO MPL concentration of 0.000115 mg/l compared to other PAHs constituents, the sample result indicated 0.0000 mg/l below the MPL.
The US EPA (2001) revealed that PAHs maximum contamination levels (MCL) of Naphthalene (2.6000 mg/l), Acenaphthylene (8.0000 mg/l), Acenaphthene (0.0000 mg/l), Fluorene (9.0800 mg/l), Anthracene (0.0000 mg/l), Phenanthrene (0.0000 mg/l), O-Terphenyl (5.0200 mg/l), Fluoranthene (1.1000 mg/l) and Pyrene (8.0000 mg/l) were not specified.
However, Benz (a) anthracene (1.0900 mg/l) MCL indicated 0.0001 mg/l. Chrysene (0.0000 mg/l), Benzo (b) fluoranthene (10.0000 mg/l), Benzo (k) fluoranthene (0.0000 mg/l) and Benzo (e) pyrene (0.0000 mg/l) MCLs indicated 0.0002 mg/l. Dibenzo (a, h) anthracene (4.0100 mg/l) MCL indicated 0.003 mg/l, Indeno (1,2,3-cd) pyrene (9.2000 mg/l) MCL indicated 0.0004 mg/l, Benzo (g,h,i) perylene (3.0000 mg/l) MCL was not specified.
The total concentrations of the PAHs present gave 61.2800 mg/l with low molecular weight LPAHs of (2-3 rings) 40.60% and high molecular weight HPAHs (4-6 rings) of 59.40%.
Hence, in accordance with the classification of human health effects and evaluation by regulatory agencies and institutes; the US Agency for Toxic Substances and Disease Registry [12, 13, 14, 15, 11] , US United States Environmental Protection Agency [16] , the International Agency for Research on Cancer [17, 18, 19, 20, 10, 21] and the World Health Organization International Programme on Chemical Safety [22, 23] . Results of the 17 PAHs assayed showed the presence of human teratogenic PAHs (9.09%), human mutagenic PAHs (24.24%), human carcinogenic PAHs (24.24%), human genotoxic PAHs (18.18%) and other PAHs toxics (24.24%). 
CONCLUSION
Department of Petroleum Resources (DPR) contends that the majority of the oil spill incidences are traceable to militancy, bunkering, oil theft operations, equipment failure, sabotage and non-compliance of petroleum waste discharge environmental regulations. In general petrogenic effluent discharges in the Niger Delta have resulted in environmental concerns on land, freshwater swamps and the marine environment as well as potential threats to human lives. As the findings showed that PAHs contamination at the study site unveiled, human health risks of teratogenicity, mutagenicity, carcinogenicity, genotoxicity and toxicity of Petroleumcontaminated wastewater in the host communities.
